arrhythmias and cardiac arrest. The vast majority of infants requiring such treatment have some underlying congenital cardiac abnormality. Cardiac failure, if not associated with a congenital heart lesion, may be due to infections acquired in the perinatal period, such as viral myocarditis, toxic myocarditis in an overwhelming bacterial infection, to paroxysmal tachycardia, metabolic disorders such as glycogen storage disease, or may occur in the respiratory distress syndrome of the new born.
All congenital cardiac abnormalities may cause cardiac faiilure, the treatment of which sbould be thorough and intensive to enable further diagnostic investigations to be carried out, if indicated, with a view to curative or palliative surgery. In the infective and metabolic lesions there is no place for surgery and supportive medical treatment offers the only hope for the infant. Accurate diagnosis, however, is essential as unwarranted surgical interference in some cases may lead to untimely and avoidable death.
Cardiac Failure in Infancy
Most cases of cardiac failure are associated with some congenital cardiac abnormality, but, as mentioned, may be due to factors other than an anatomical abnormality.
Physical Signs and Symptoms
Where a congenital lesion is present there are usually the physical signs of the lesion, whereas in infective conditions or metabolic disorders there are often no specific diagnostic signs. A discussion on the treatment of congestive cardiac failure in infancy is incomplete without briefly reviewing the signs and symptoms.
In comparing the signs of cardiac failure with the familiar pattern seen in older children and adult patients, certain differences are apparent and stress should be laid on the following:
This is the most important sign of cardiac failure in infancy. It is easily and accurately elicited and changes in size are a good indication of response to therapy.
(ii) Oedema and excessive weight gain:
Infants in cardiac failure may gain excessive weight although their food intake may be below average. This is due to fluid retention though oedema is not unusually apparent until the cardiac failure is severe. Again, by accurate daily weight records the infant's response to treatment may be assessed. Unless excessive weight gain is checked by treatment oedema will become manifest. This is usually most apparent on the dorsum of the feet, and as periorbital oedema.
(iii) Dyspnwea and tachypncea:
This occurs in most infants in cardiac failure and may be associated with indrawing of the lower intercostal spaces and movement of the ale nasi. It is often one of the earliest signs of decompensation. Dyspnoea is a frequent symptom. Mothers may volunteer the information that the infant is breathless when feeding or even at rest. This is sometimes not noticed but there is a history of poor and difficult feeding, probably due to shortness of breath.
(iv) Tachycardia:
Usually there is a heart rate of 140-180 per minute, but occasionally decompensated infants may present with a bradycardia due, in some, to congenital atrioventricular block. The heart rate may also be used as a guide to response of the infant to therapy.
(v) Cyanosis:
Peripheral cyanosis may be caused by cardiac failure. Central cyanosis may be due to an Usual feeding formulae are recommended, but in the acutely ill infant it may be necessary to use a low-salt milk ('Edosol'). When this is used careful electrolyte control should be maintained. Fluid restriction is never necessary, and maintenance of adequate hydration is essential particularly in cyanotic types of heart disease. (iv) Travelling: When infants in cardiac failure have to be moved to centres for specialised treatment, it is essential to keep them cool by light clothing and few blankets. If necessary they should be sedated prior to transfer. Before departure the infant should be fed and, in the cases of long journeys, fed on the way. (iii) Diuretics: In cases of acute pulmonary oedema mercurial diuretics, such as mersalyl, are the most efficient, and therefore the drug of choice. The recommended daily dose is 0.2-0.5 ml. given intramuscularly.
In less severe cases, and for maintenance therapy, chlorothiazide is given in a daily dose of 20 mg. per lb. body weight. This dose may be increased to 50 mg. per lb. if necessary. When using diuretics careful watch should be kept on electrolyte levels as low as serum potassium predisposes the myocardium to digoxin intoxication. In practice, however, potassium supplements are rarely necessary. (iv) Aminophylline: Bronchodilators are indicated in the presence of pulmonary oedema with bronchospasm. Aminophylline suppositories in a dose of 12.5-50 mg., depending on the weight of the infant, every four to six hours are often effective. In addition, ephedrine hydrochloride may be useful in a dose of gr. (Simpson, 1958 (vi) Correction of anaemia: Anaemia may be a precipitating factor in cardiac failure and if present should be treated, preferably by oral iron therapy, but a slow transfusion of packed cells in the severely anaemic infant may be necessary. In the case of cyanotic lesions it should be remembered that the "normal" haemoglobin is high and relative anaemia should be corrected.
C. Surgical Management
Ideally every congenital malformation should be corrected completely, but in a large number of cases this is not possible. In some it may be practical later but the best that can be offered in infancy is palliative surgery which will tide the infant over the acute emergency until older, when definitive corrective surgery may be undertaken with a much 'lower operative risk.
A frequent difficulty is to decide the optimum time for operation. In every case intensive medical treatment should first be given in an attempt to get the infant into the best possible condition, but sometimes, when response is not satisfactory an emergency thoracotomy should be undertaken without further delay. Response to treatment is assessed by falling respiratory and pulse rates, diminishing size of the liver and normal weight gain.
A detai;led diagnosis of the malformation is of course desirable before surgical treatment is undertaken, and this should be established by cardiac catheterisation and angiocardiography, if the infant's condition -permits. In the ill infant, however, these procedures carry a definite mortallity risk or may worsen the infant's general condition. In such cases it may be preferable to rely upon clinical diagnosis and to carry out an exploratory thoracotomy with a view to corrective or palliative surgery. Diagnostic pressures at the time of surgery may be of some help but the difficulties of making an accurate diagnosis at the time of operation should be borne in mind.
At present, the operations done in this clinic and in many other centres for the more common lesions are as follows: 9. Total anomalous pulmonary venous drainage-an anastomosis is made between the pulmonary venous trunk and the left atrium. In some centres the trunk is tied off and the atrial septal defect closed at a second operation. (Williams, Richardson and Campbell, 1964 Many paediatricians interpret the term "'cyanotic attack" as an episode in which an infant with a cyanotic cardiac lesion becomes increasingly cyanosed on crying, feeding or when cold. This is a common occurrence in these infants and it should be remembered that a change in colour alone is "physiological" and not necessarily serious.
True cyanotic attacks are spontaneous and apparently occur in infants with cyanotic cardiac lesions associated with pulmonary oligaemia such as Fallot's tetralogy, pulmonary and tricuspid atresia and transposition of the great vessels with pulmonary stenosis. They have been shown to be due to temporarily increased obstruction of the right ventricular outflow tract with an increased right to left shunt. During the attack, because of the diminished flow through the right ventricuilar outflow tract, the systolic murmur may become shorter, softer, or may entirely disappear. (Wood, 1958; Braudo and Zion, 1959 and .
Clinically a cyanotic attack is usually characterised by a shrill cry or scream which is different to the normal cry of the infant. It is difficult to pacify the infant and he may continue crying until exhausted, when he falls into a heavy sleep. On waking he may be as well as prior to the attack.
Associated with the cry there is a change in colour, often to a deeper cyanosis or there may be a greyish blue colouration of the lips and face. In addition the infant may sweat excessively. The respiratory rate increases, the eyes may roll upwards and the infant may lose consciousness for a variable period. Sometimes, there is a twitching. Although recovery usually takes place, an occasional attack is fatal.
The treatment is urgent. In the first place morphia should be administered as rapidly as possible as this shortens the attack and enables the infant to rest. Oxygen should be administered to relieve the associated anoxia, although the attacks are not relieved by oxygen alone. Procaine hydrochloride given intravenously has an immediate but short lived effect. (Braudo and Zion, 1959) . Cyclopropane anaesthesia has also been shown to be effective (Wood, 1958) , but for obvious reasons is not a practicable method of treatment in the majority of cases. (ii) Maintenance of an adequate cardiac output by external massage is easy in an infant. At the same time, artificial respiration is carried out. This is essential until the infant has been intubated and is respired by intermittent positive pressure. (iii) Correction of the metabolic acidosis, which occurs rapidly, by sodium bicarbonate (2.5% solution) intravenously. The amount given should be calcuilated according to the base deficit, but as an emergency measure 10-20 ml. should be infused and repeated if necessary at 10-30 minute intervals until the deficit is corrected.
Intracardiac injections of adrenaline and calcium chloride may also be useful in reestablishing cardiac action.
Once cardiac action has returned it may be necessary to use a mechanical ventilator for a period.
Discussion
There have been several reviews of the incidence, signs, symptoms and treatment of cardiac failure in infancy. (Keith, 1956; Goldblatt, 1962; Kreidberg and others, 1963 Where facilities for investigation and treatment are not available, early transfer to a specialised paediatric cardiological unit is desirable in order to institute intensive therapy with minimail delay with a view to early diagnosis and operative treatment. This will help to reduce the high mortality.
With the recent development of relatively simple methods of determining pH, pCO2 and standard bicarbonate levels, increasing attention is being paid to the correction of acid-base disturbance which sometimes occurs in infants with cardiac failure, and this may be an extremely important addition to the treatment outlined above0 (Jones, 1964) .
Summary
The signs, symptoms and management of cardiac failure, cyanotic attacks and cardiac arrhythmias are discussed. General principles of surgical treatment are mentioned.
Standard diagnostic procedures have their limitations in these ill infants, and the mortality rate following surgery is still high, although it is falling with improved surgical and anaesthetic techniques. Considerable further improvement in both diagnostic and surgical methods is required if more of these infants are to survive.
